INTRODUCTION
Acquired degenerative disc disease is manifested by progressive collapse and consequent bulging of the redundant disc surface, the ligamenta flava, and the posterior longitudinal ligament. Narrowing of the intervertebral space causes subluxation and eventual arthrosis of the facet joints. The involved unstable segment may also slip backward or forward. These mechanical aberrations tend to cause discogenic or facet-induced pain and may result in compressive radiculopathy. 1 Structural solution of the problem requires reversal of the process, that is, reexpansion of the disc space and immediate stabilization of the segment in balanced alignment to ensure gradual intervertebral welding. Posterior lumbar interbody fusion (PLIF) is biomechanically sound as it ablates the degenerated disc, restores the intervertebral height, relieves fo-raminal stenosis, and positions the bone graft along the weight-bearing axis. 2 Immediate initial stability is provided by recoil of the stretched annulus fibrosus and the interspinal ligaments. Application of this promising concept was pioneered by Briggs et al 3 in 1944 and popularized by Cloward 4 shortly thereafter. However, clinical trials encountered a high rate of graft failure (resorption, migration, nonunion) and donor site morbidity. 5 In 1988, Bagby 6 introduced the concept of an implanted twin cage support designed to neutralize the compressive forces while providing the immediate three-dimensional stability that is essential for successful incorporation of the fragile, cancellous bone graft housed within. Yet this device has some major shortcomings: It has to be large enough to cause tension in the annulus, essential for immediate stability 6 ; and because of its obligatory size, its implantation requires excision of facets. This, paradoxically, subtracts from the stability (in extension and axial rotation) that the twin cage support is intended to confer. 7 Supplementary pedicle screw fixation 8, 9 and restoration of posterior elements 10 have been advocated as compensatory measures. Because of its size, the device also puts traction on the dural sac and on nerve roots, risking dural laceration, neurologic damage, 8, [11] [12] [13] and delayed epidural fibrosis. 14 The purpose of the current study is to report our early experience with a newly designed B-twin expandable spinal spacer (B-twin ESS) that is free of all the drawbacks enumerated.
PATIENTS AND METHODS

Patient Selection
Inclusion criteria were disabling low back pain for Ն6 months, nonresponse or inadequate response to conservative treatment, firm diagnosis of degenerative disc disease on the basis of typical symptoms, plus diagnostic findings on magnetic resonance imaging or discogram. Exclusion criteria included any disease that could adversely affect bone quality (eg, spine infection, tumor, metabolic bone disease), drug or alcohol abuse, and behavioral disorders that could impair patient cooperation.
Device Description
The device (Disc-O-Tech Medical Technologies Ltd., Herzliya, Israel) is made of titanium. When collapsed, five fins are enclosed within a cylinder 5 mm in diameter (Fig.  1A) . Following placement within the disc space by a single-use delivery system (see Fig. 1B ), the implant is expanded fin by fin until it is 25 mm long and up to 15 mm in diameter (see Figs. 1C and D) . The final configuration is trapezoid. There are three available size options: 9.5/11, 11.5/13, and 13.5/15. One of these is selected on the basis of preoperative x-rays and is adjusted intraoperatively as necessary. Upon completion of the process, the device self-locks.
Operative Procedure
Following a routine bilateral approach (limited to flavectomy), discectomy and endplate curettage are meticulously carried out. The intervertebral space is packed with cancellous iliac bone autograft delivered through a 5-mmdiameter funnel. The b-twin ESS is introduced into the intervertebral space bilaterally and is then expanded. Both stages are monitored by C-arm fluoroscopy. Since the first fin is opened perpendicularly to the endplates, adjustments can be made at this stage by turning the delivery system 90°and repositioning. No drilling, tapping, or hammering is necessary. The spacer is installed "stand-alone" or supplemented by a posterolateral intertransverse graft. Pedicle screw fixation may be necessary in the presence of spondylolisthesis or following previous facetectomies (Fig. 2) .
Postoperative Radiologic Evaluation
Radiologic proof of fusion required fulfillment of the following criteria: no radiolucent gap at the devicevertebral endplate interface, no evidence of mobility in flexion-extension roentgenogram, and presence of bridging trabeculae across the area of arthrodesis. In equivocal cases, we added a computed tomography (CT) scan (2-mm slices) with sagittal reformation, as recommended.
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Data Acquisition
Preoperative information included the patient's medical history, socioeconomic status, physical examination, and results of imaging studies. Pain and disability were scored by a Visual Analog Scale (VAS) and the Oswestry Index, 16 respectively. The operative notes covered all difficulties and complications encountered. Data elicited at each follow-up visit (1, 3, 6, 12, and 24 months after surgery) included neurologic examination, x-ray studies, and repeat VAS and Oswestry Index scores. Upon termination of follow-up, the entire protocol on each patient was submitted to a clinical monitor for review.
Statistical Methods
Descriptive statistics were applied to determine means and standard deviations. The scoring binomial test was applied to changes in the VAS score and the Oswestry Index.
RESULTS
Our study was based on 87 patients aged 17-77 years (mean 45.2 ± 13.7 years). There were 46 men and 41 women. Duration of disability was from 5 to 180 months (mean 48.6 ± 39.8 months). In 54 cases, the B-twin ESS was implanted "stand-alone"; in 10 it was supplemented by floating intertransverse fusion and in 23 by pedicle screws and rod constructs. The procedure lasted on aver- age 148 ± 64 minutes (range 60-330 minutes), and mean blood loss was 410 ± 330 mL (range 300-1,500 mL). Disc space height averaged 7.53 ± 2.42 mm before surgery. It increased to 10.03 ± 2.00 mm at surgery and was 9.47 ± 2.10 mm at final follow-up. Procedure-related complications included two malpositioned implants, which necessitated intraoperative repositioning, and one postoperative migration of an implant that had to be removed. There were no dural lacerations, no deep wound infections, and no neurologic damage. The shortest follow-up period was 12 months (average 15 months, range 12-26 months). To date, no participant has been lost to follow-up. Union of the bone graft has been established radiologically in all but one patient. The mean disability score decreased from 8.5 to 3.3, a 60% improvement (P < 0.01). The disability score decreased from 31.0 to 12.7, a 58% improvement (P < 0.01). At the last follow-up visit to date, 75 patients (86%) considered the operation to have been worthwhile.
DISCUSSION
PLIF is increasingly advocated as the treatment of choice for disabling low back pain due to degenerative disc disease. Fusion rates exceeding 90% have been reported. Seventy percent to 90% of the patients were satisfied with the results, 8, 11, 17, 18 and 75-95% returned to work. 17, 19 Similar results were achieved in the current series. They are comparable with those of 360°fusion, which entails a far larger operation. 19 Interseries differences in the correlation between fusion rates and clinical outcome may be attributable to the unreliability of plain x-ray evaluation of fusion 15, 20 and/or the influence of varying socioeconomic conditions 11 and litigation issues 8, 11 on the way the patients describe their postoperative status. The biomechanical properties of the B-twin ESS were designed to provide immediate mechanical constraint in all planes. Our clinical results were consistent with those of the pilot tests on artificial models and on cadaver spines. The constraint of flexion and lateral bending is mediated by tension in the annulus. This is engendered by distraction of the disc space by the spacer. The latter is accomplished by a "jacking-up" mechanism rather than by techniques that involve drilling, tapering, or hammering. Stability in axial rotation is credited to the limited invasiveness of the surgical procedure, which makes it possible to preserve the main stabilizers in the axial plane, namely, the facets and the annulus fibrosus. 7, 21 At the outset, our main concerns were in regard to the possibility and extent of implant subsidence (penetration of the endplates) and the possibility of implant migration. In practice, subsidence averaged only 0.28 mm per fin (0.56 mm per implant). This did not jeopardize stability of the construct. Moreover, engagement of the fins in the endplates added an element of resistance to migration. It is logical to expect that this optimal situation is critically dependent upon the quality of vertebral bone. This consideration may be of crucial importance when selecting candidates for spacer-assisted PLIF. As indicated above, the current study excluded patients with bone disorders (eg, osteoporosis). In the final analysis, any stabilizing construct is bound to fail if fusion does not occur. In this study, x-rays established that fusion was accomplished in all but one patient. This favorable result may be ascribed to the relatively small implant-endplate contact area. This left a large area for the bone graft and enabled bone-to-bone contiguity, without having to rely on bone growth into and through the implant, as in the case of most of the other cage spacers that prevail. Moreover, meticulous curettage of the nucleus, rather than installation of the device within a reamed channel, was suggested to promote fusion. 22 We could rule out radiographic signs of nonunion, that is, radiolucency at the implant-endplate interface and/or evidence of mobility on dynamic fluoroscopy. However, the length of the device and its double contour precluded an unequivocal display of bridging trabeculae.
We would emphasize that the cardinal merit of the Btwin ESS is the relative freedom from complications as recounted above. Although PLIF per se has established itself as the surgical approach of choice, its record of complications has been puzzling. A recent review reported major complications in 45% of the cases and repeated operations in 25-40%. 8, 22 PLIF using the B-twin ESS has thus far achieved as good a clinical outcome as the preceding variants of the method; and, in sharp contrast to the latter, virtually no complications have occurred.
